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Abstract 

Previously collected water quality data indicates that the Pilchuck River has high water 

temperatures and low dissolved oxygen (DO) levels that do not protect fish and native insects 

that depend on cool, clean, aerated water.  This report documents these problems and outlines the 

solutions needed to improve stream temperatures and DO levels. 

 

From 2012 to 2016, Ecology collected data on the Pilchuck River in order to develop a water 

quality model.  The model was then used to evaluate future management options and develop 

allocations for shade and phosphorus.  The study area for this Total Maximum Daily Load 

(TMDL) includes the mainstem of the Pilchuck River from Menzel Lake Rd upstream of Granite 

Falls, Washington to near its mouth with the Snohomish River, as well as the watershed area 

contributing to this reach.   

  

The primary cause of temperature problems in the Pilchuck River is lack of shade from 

streamside trees.  This report establishes the necessary amount of shade (load allocations) for the 

Pilchuck River study area.  The shade produced by full potential riparian vegetation (mature 50-

100 year old trees) is needed to meet water quality standards in the Pilchuck River.  It also 

specifies the allowable amount of heat load contributed from permitted entities in the watershed 

(wasteload allocations). 

 

The primary cause of DO problems in the Pilchuck River is excess phosphorus contributing to 

increased growth of algae on the stream bottom.  These algae consume oxygen at night, leading 

to lower DO levels.   

 

pH was not predicted to exceed Washington State Water Quality Standards under critical 

conditions within the study area.  Loss of riparian shade and increased nutrient loading impacts 

on DO are more severe than on pH, therefore the allocations for shade and nutrients should result 

in compliance with pH standards during the summer critical season.   

 

This report includes the allowable amount of phosphorus loading to the river for several 

permitted entities (wasteload allocations) and from groundwater, direct overland flow, or 

tributary streams (load allocations) in the watershed.  It also outlines activities that will reduce 

phosphorus delivery from various discharges and land uses within the watershed. 
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Executive Summary 

{EAP and WQP TMDL project leads write this section. 

 

Needs to be ≤ 4 pages – and able to “stand alone.” 

 

The audience for this section includes:  permit writers, stakeholders, and the general public, 

among others. 

 

Keep this format.  Do not change this section to a two-column format. 

 

This is a highly condensed version of the report.} 

 

xx 

Introduction 

{Start with a paragraph briefly summarizing the watershed, issue, and TMDL process.  E.g.: “In 

2004, Ecology determined that ABC Creek has <pollutant> levels greater than Washington State 

allows in its fresh waters.  A total maximum daily load, or TMDL study, was done on this water 

body.  This water quality improvement report contains the study, along with recommendations 

for cleaning up the water body, and an implementation plan that lays out roles and 

responsibilities for the cleanup process.”} 

 

xx 

Why did we develop a total maximum daily load (TMDL)? 

The federal Clean Water Act (CWA) requires that a TMDL be developed for each of the water 

bodies on the 303(d) list.  The 303(d) list is a list of water bodies, which the CWA requires states 

to prepare, that do not meet state water quality standards.  The TMDL study identifies pollution 

problems in the watershed, and then specifies how much pollution needs to be reduced or 

eliminated to achieve clean water.  Then Ecology, with the assistance of local governments, 

agencies, and the community develops a plan that describes actions to control the pollution and a 

monitoring plan to assess the effectiveness of the water quality improvement activities.  The 

water quality improvement report (WQIR) consists of the TMDL study findings and 

implementation plan. 

Watershed description 

This study area is in Water Resource Inventory Area (WRIA) 07, the Snohomish River basin. 

 

 {Goals and objectives: clean water, uses 
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Elements the Clean Water Act requires in a TMDL 

Loading capacity, allocations, seasonal variation, margin of safety, 
and reserve capacity 

A water body’s loading capacity is the amount of a given pollutant that a water body can receive 

and still meet water quality standards.  The loading capacity provides a reference for calculating 

the amount of pollution reduction needed to bring a water body into compliance with the 

standards. 

 

The portion of the receiving water’s loading capacity assigned to a particular source is a 

wasteload or load allocation.  If the pollutant comes from a discrete (point) source subject to an 

NPDES permit, such as a municipal or industrial facility’s discharge pipe, that facility’s share of 

the loading capacity is called a wasteload allocation (WLA).  If the pollutant comes from diffuse 

(nonpoint) sources not subject to an NPDES permit, such as general urban, residential, or farm 

runoff, the cumulative share is called a load allocation (LA). 

 

The TMDL must also consider seasonal variations and include a margin of safety (MOS) that 

takes into account any lack of knowledge about the causes of the water quality problem or its 

loading capacity.  A reserve capacity (RC) for future pollutant sources is sometimes included as 

well. 

 

Therefore, a TMDL is the sum of the wasteload and load allocations, any margin of safety, and 

any reserve capacity.  The TMDL must be equal to or less than the loading capacity. 

 

WLA + LA1 + LA2 + MOS + RC =  MAXIMUM DAILY LOAD  

 

Figure 2. Pie chart showing components of a TMDL 
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additional Adopt-A-Stream Foundation projects in the Little Pilchuck to restore riparian areas, 

most notably their several partnerships with the city of Lake Stevens.  

 

 

Figure 3. Deceased fish found in isolated low oxygen habitat in the Pilchuck River. 

 

This TMDL: 

 Characterizes water temperatures, DO, pH, and the processes that affect those parameters 

 Sets the limitations needed on controllable point sources of pollution.  

 Details the riparian and riverine improvements needed to make the Pilchuck River a 

healthy place for fish and supporting biota.     

 Provides a detailed plan to help guide Ecology and other stakeholders in our work to: 

o Restore and protect aquatic life uses set forth in Washington Administrative Code 

(WAC) 173-201A.  

o Implement the Puget Sound Action Agenda, the WRIA 7 Chinook Salmon 

Recovery Plan, and the anticipated Threatened Steelhead Trout Recovery Plan 

currently under development. 
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(Mathieu, 2011). These excursions may not be related to anthropogenic impact and are likely not 

tied to the same sources of impairment causing low-flow DO and temperature problems. 
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Geology 

The Pilchuck River watershed is located along the eastern margins of the Puget Lowland 

geologic region, which consists of a linear depression trending in a north-south direction between 

the Olympic Mountains to the west and the Cascade Mountains to the east.  Along the eastern 

side of the Puget Lowland in the Cascade foothills, Tertiary- and Cenozoic-aged volcanic and 

sedimentary rocks (less than 70 million years old) underlie the glacially derived surficial deposits 

(Bailey, 1998).   

 

The majority of the surficial geologic units consist of “unconsolidated” (non-bedrock) glacial 

deposits.  In the Pilchuck River watershed, Vashon Glacial Till, Younger Alluvium and 

Recessional Outwash are the primary glacially-derived geologic units (comprising over 

88 percent of the watershed).  Vashon Glacial Till is a relatively strong, stable geologic material 

consisting of a mixture of silt, sand, and gravel deposited in front of and below the advancing 

Vashon glacier.  The Younger Alluvium deposits consist of organic rich, stream-laid, clay, silt, 

and fine sands and lie in and around stream channels.  It also encompasses the well-rounded river 

gravels and cobbles that make up much of the main stem channel bottom. The other significant 

geologic unit is Recessional Outwash, which consists of well-drained stratified outwash sand and 

gravel deposits (Bailey, 1998). 

 

Figure 2 illustrates an example of geology in the Pilchuck River valley within the study area. 

 

 

Figure 4.  Vertical cross section of geology at exposed bluff near Russell Road bridge crossing.   

Dark gray band in middle is the wetted, top portion of the confining Vashon till layer present throughout 
the study area.   
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Granite Falls WWTP 

 
The City of Granite Falls operates an oxidation ditch wastewater treatment plant that discharges to 

the Pilchuck River (Ecology, 2015a). Ecology issued the current permit for this facility on April 15, 

2015, and it expires on April 30, 2020.  

 

Secondary treated and disinfected effluent flows into the Pilchuck River through an outfall 

diffuser section buried approximately one foot below the bottom of the river bed (Ecology, 

2015a). The diffuser is over 16 feet long, which is greater than 25% of the river width at low 

flow. Ecology concluded that this discharge meets the requirements for an exception to the rule that 

the mixing zone must occupy less than 25% of the river width. 
 

The average temperature of the effluent is 18°C with a maximum of 22.6°C, based on discrete 

measurements collected between noon and 3pm (data from April 2010 to September 2014). The 

average and maximum ortho-phosphate concentrations of 8 samples were 2,520 and 4,850 ug/L 

respectively, which was slightly higher than the average and maximum for Total Phosphorus 

(Ecology 2015a). These results suggest that most of the phosphorus in the effluent is typically in 

a dissolved form, with very little particulate phosphorus. 

 

General Sand and Gravel Permit 

 

The Sand and Gravel General Permit regulates discharges of process water, stormwater, and 

water from mine dewatering into waters of the state associated with sand and gravel operations, 

rock quarries, and similar mining operations. The permit also covers concrete batch operations 

and hot mix asphalt operations. Untreated discharge water from sand and gravel operations may 

harm fish, aquatic life, and water quality.  

 

Ecology reissued the Sand and Gravel General Permit on February 17, 2016. Ecology received 

one appeal on the reissued Sand and Gravel General Permit. The reissued permit became 

effective on April 1, 2016. 

 

Both stormwater and process water from sand and gravel operations can be a source of 

suspended solids, which in turn can have attached phosphorus. Suspended solids may be 

generated from (Ecology, 2015b):  

 Washing, screening, or crushing rock  

 Stripping and digging operations  

 Seepage from working face  

 Stormwater run-on and runoff from disturbed areas  

 Runoff from overburden, waste piles, and stockpiles  

 Dust suppression  

 Processing wastes 

 

The most common types of permit violations for sand and gravel permittees are pH, turbidity, 

and nitrate-nitrite (Ecology, 2015b). 
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General Construction Stormwater Permit 

 

Construction site operators are required to be covered by a Construction Stormwater General 

Permit if they are engaged in clearing, grading, and excavating activities that disturb one or more 

acres and discharge stormwater to surface waters of the state. Smaller sites may also require 

coverage if they are part of a larger common plan of development that will ultimately disturb one 

acre or more. Operators of regulated construction sites are required to: 

 

 Develop stormwater pollution prevention plans.  

 Implement sediment, erosion, and pollution prevention control measures.  

 Obtain coverage under this permit. 

 

The current permit was appealed and a settlement agreement was reached for a minor permit 

modification. The Final CSWGP Modification with a Response to Comments was issued on 

March 22, 2017. Proposed changes went into effect May 5, 2017. 

 

General Industrial Stormwater Permit 

 

This statewide permit applies to facilities conducting industrial activities that discharge 

stormwater to a surface waterbody or to a storm sewer system that drains to a surface waterbody. 

 

Ecology reissued the Industrial Stormwater General Permit on December 3, 2014 

The Industrial Stormwater General Permit (ISGP) became effective on January 2, 2015. 

Municipal Stormwater Permits 

During rain events, rainwater washes the surface of the pavement, rooftops, and other impervious 

surfaces.  This stormwater runoff accumulates and transports pollutants and contaminants via 

stormwater drains to receiving waters and can degrade water quality.  Ecology issues NPDES 

permits to larger entities that operate municipal separate storm sewer systems (MS4s) making 

them responsible for collecting, treating, and discharging stormwater to local streams and rivers. 

 

Two types of municipal stormwater permits exist in this watershed:  Phase I and Phase II.  Phase 

I permittees are cities and counties that operate large and medium MS4s.   

 

The Phase II Municipal Stormwater Permit rule extends the coverage of the National Pollutant 

Discharge Elimination System (NPDES) program to certain "small" municipal separate 

stormwater sewer systems (MS4s). The Department of Ecology used maps of the census 

urbanized areas and jurisdictional boundaries to identify Phase II jurisdictions. Ecology issued 

two Phase II permits: one for Eastern Washington and one for Western Washington. 

 

Snohomish County and the Washington State Department of Transportation (WSDOT) hold 

Phase I MS4 permits in the watershed.  In addition, four communities (the cities of Granite Falls, 

Lake Stevens, Marysville, and Snohomish) hold Phase II MS4 permits. 
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Phase I permits regulate stormwater discharges to waters of Washington State from the 

permittees’ MS4s in compliance with Washington Water Pollution Control Law (Chapter 90.48 

RCW) and the federal Clean Water Act (Title 33 USC, Section 1251 et seq.). 

 

The EPA phase II regulations went into effect in early 2003 and apply to all regulated small 

municipal separate storm sewer systems.  Ecology first issued the Western Washington Phase II 

permit in 2007 and modified it in 2009.  Ecology reissued it unmodified on August 1, 2012 to be 

effective through July 31, 2013.  At the same time, Ecology also reissued an updated 2013 to 

2018 permit on August 1, 2012.  The current version of the permit, as modified in December 

2014, went into effect as of January 16, 2015. 

 

Ecology’s five-volume Stormwater Management Manual is available on the internet at 

www.ecy.wa.gov/programs/wq/stormwater/manual.html.  The current version is the 2012 

manual as amended in 2014.  

 

Under the Phase II permit, cities must follow prescribed guidelines to manage stormwater before 

it discharges to surface water.  Permit requirements fall under five basic categories: public 

education and outreach, public involvement and participation, illicit discharge detection and 

elimination, the control of runoff from development, and pollution prevention.  General 

information on the Phase II permit is available at 

www.ecy.wa.gov/programs/wq/stormwater/municipal/phaseIIww/wwphiipermit html.   

Snohomish County (Phase I Permittee) 

On August 1, 2012, Ecology issued an updated 2013-2018 Phase I MS4 Permit that became 

effective on August 1, 2013.  The permit was first modified on December 17, 2014 and the first 

modification went into effect on January 16, 2015.  The permit was modified a second time on 

July 20, 2016 and the second modification went into effect on August 19, 2016. 

 

Snohomish County has a Stormwater Management Plan (2017) that outlines the county’s 

responsibilities to protect water through stormwater management.  The Plan can be found at 

https://snohomishcountywa.gov/ArchiveCenter/ViewFile/Item/4667 

 

More information on Phase I permits and Snohomish County can be found at 

www.ecy.wa.gov/programs/wq/stormwater/municipal/phaseIpermit/phipermit html or 

www.ecy.wa.gov/programs/wq/stormwater/municipal/Phase1equivalentstormwatermanualsWest

ern.html 

Washington State Department of Transportation (WSDOT) (Phase I Permittee) 

Ecology issued a new modified NPDES permit to the WSDOT on March 6, 2014.  This permit 

addresses stormwater discharges from WSDOT MS4s in areas covered by the Phase I Municipal 

Stormwater Permit, the Eastern Washington Phase II Municipal Stormwater Permit, and the 

Western Washington Phase II Municipal Stormwater permit.  WSDOT highways, maintenance 

facilities, rest areas, park and ride lots, and ferry terminals are covered by this permit when a 

WSDOT-owned MS4 conveys the discharges.  State highways in the Pilchuck River watersheds 

include state route (SR) 2, SR 9, SR 522, SR 204, and SR 92. 
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Implementation objectives 
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07-GRA-STP P2 Granite Falls WWTP manhole near outfall to Pilchuck 48.07605 -121.97971 

07-DUB-0.0 T1 Dubuque Creek ~50 ft.  u/s of confluence with Pilchuck R 47.98791 -122.03630 

07-LIT-1.8 T2 Little Pilchuck Creek at 12th St., ~200 ft.  d/s of bridge 48.00707 -122.04557 

1 d/s ≡ down stream 
2 u/s ≡ up stream 
3 RB ≡ right bank. 
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Figure 10.  Locations of observed and sampled seeps, piezometers, potential cold water refuge 
(CWR), and reaches with significant flow gains. 

 





 

 

Pilchuck R. Temp & DO TMDL  WQIR/IP 

Page 46 - DRAFT 

 

Figure 12.  Piezometer temperature monitoring results for 2016.
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Figure 14. Model simulated effect of hyporheic flow on Pilchuck River daily maximum 
temperatures for 8/5/12. 
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16, 2012 (note: data before August 7th was lost at this site, so this may not represent peak annual temperatures. These results were 

consistent with 2010 temperature monitoring by Snohomish County where the peak 7-DADMax of 22.9°C occurred at Russel Rd 

(SCSWM, 2012). 

 

For sites with a full period of record (June through October), the hottest stream temperatures occurred on August 5, 2012. All of these 

2012 dates correspond to periods where the 7-day max air temperatures were greater than the historical 90th percentiles (see 

meteorology section). 
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Limitation 

Numerous factors can limit or stimulate growth of periphyton in rivers and streams, including: 

available light and nutrient supply; temperature, grazing and excretion from primary consumers; 

and scour from changes in velocity or mobilization of substrate (Larned, 2010). When nutrient 

limitation is evident, one theory is that periphyton growth follows Liebig’s Law of the Minimum 

which states that the nutrient in shortest supply controls growth, typically either nitrogen or 

phosphorus, although carbon, silica, iron, and other micronutrients can potentially also limit 

growth (De Baar, 1994).   

 

Cellular and in-stream nutrient concentration ratios are often used as indicators of which nutrient 

is limiting growth. Nutrient ratios are frequently compared to the Redfield Ratio of 106C : 16N : 

1P, a molar ratio derived from an empirical study of average composition of marine organic 

matter (Redfield, 1934; Redfield 1958). In general if the molar N:P ratio is greater than 16:1, 

then it is assumed that P is the limiting nutrient and less than that ratio is N-limited. Others have 

modified the rule to: > 20:1 indicates P-limitation, <10:1 indicates N-limitation, and between 

10:1 and 20:1 either nutrient could be limiting (Shanz and Juon, 1983; Borchardt, 1996).  

 

Figure 22 illustrates the relationship of both total and dissolved nitrogen to phosphorus in the 

Pilchuck River.  The results suggest that the river is likely phosphorus limited.  The only sections 

of the river where the ratio is in the ambiguous range (10-20) is immediately below the WWTP 

(~RM 18.9) where a large influx of phosphorus occurs, and, to a lesser degree, at the upstream 

boundary of the study area.  The nutrient ratio data indicates that the river becomes increasingly 

phosphorus limited downstream of the WWTP, as phosphorus uptake/loss occurs. 
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Figure 23.  Simulated periphyton growth limitation factors for the Pilchuck River at OK Mill Rd 
(~RM8.5) 

Combined = The cumulative growth limitation effect of all limiting factors (nutrient limitation x light 
limitation x temperature limitation).  
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Temperature TMDL Analysis and Allocations 

System potential conditions 

The calibrated QUAL2Kw model was used to estimate the temperatures that would be expected to 

occur under system potential conditions. System potential conditions are conditions that do not 

include human modifications to riparian vegetation. The system potential condition serves as an 

estimate of natural conditions, as defined by the state water quality standards. 

 

To estimate system potential DO conditions, the QUAL2Kw model was modified in the following 

ways: 

 Point source effluent discharges were removed from the simulation.   

 Shade inputs were changed to reflect system potential riparian vegetation. 

 The upstream end of the model domain and tributary boundary conditions were modified to 

decrease temperatures to meet water quality criteria. 

 2012 air temperatures were reduced by 2°C to reflect potential microclimate effects from 

system potential riparian vegetation. Dew point temperatures were increased by 1.0°C, 

except for at times when that would result in a relative humidity of 100% or greater. 

Complete documentation of the model inputs and values used can be found in Appendix E under 

the heading “System Potential Conditions Model Inputs.” 

 

It was not possible to accurately include all human modifications to the river system in the 

model. Some known or suspected human modifications were omitted, including changes to 

groundwater/hyporheic flow and channel geometry. Analysis of these factors is outside the scope 

of this study and represent very complex environmental processes that would be difficult to 

estimate with a moderate level of certainty.   

 

System potential conditions were simulated continuously for the time period from June 7 to 

October 9 using 2012 meteorological conditions.  Figures 28-29 present the simulation results for 

system potential conditions in the Pilchuck River. 

Compliance with standards 

During the 2012 study year, the model predicted that the entire river would fail to meet the 7-

DADMax criterion for Core Summer Salmonid Habitat (16°C) during the month of August. 

Much of the river also failed to meet the 16°C criterion during the months of July and 

September, and the lower river failed to meet the supplemental spawning criterion (13°C) in 

early to mid-June. The river did meet the 16°C criterion in late June and from late September to 

early August (Figure 27). These predictions were confirmed by the observed data (see 

Temperature results section). 
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The system potential model was run with upstream flows from a 7Q10 critical low-flow year 

(2004) to compare 7-DADMax temperature to TMDL scenarios (Figure 28). The peak 7-

DADMax temperature was reduced by 2°C for the most critical day (8/14/12). However, much 

of the river still failed to meet the 16°C criterion during the months of July and August.   

 

Because 2004 flows were more average in June and September, an additional system potential 

model run was conducted with flows from 2009 (near 7Q10 flows for these specific months).  

Figure 29 depicts this run and shows that although a small portion of the lower river would fail to 

meet the 13°C criterion in June, the river would meet the 16°C criterion from September to early 

October. The larger improvement in September compared to August is mostly due to the 

increased influence of riparian shade later in the year as the angle of the sun becomes lower. 

 

In the case of both the 2004 and 2009 system potential model years, 7-DADMax values in the 

river would be reduced below the threshold for acute lethality in moderately acclimated adult and 

juvenile salmon of 22°C identified by the water quality standards (WAC 173-201A-

200(1)(c)(vii)(A)). 
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Figure 26.  Existing 2012 model predicted 7-DADMax temperature compared to WQ criteria. 

 

Figure 27.  System potential model predicted 7-DADMax temperature with 2004 flows. 

WQ Criteria

Adult/Juvenile Salmonids Acute Lethality

WQ Criteria

Adult/Juvenile Salmonids Acute Lethality
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Figure 28.  System potential model predicted 7-DADMax temperature with 2009 flows. 

Loading capacity 

EPA’s current regulation defines loading capacity as “the greatest amount of loading that a water 

can receive without violating water quality standards” (40 CFR § 130.2(f)). The loading capacity 

provides a reference for calculating the amount of pollutant reduction needed to bring water into 

compliance with standards.  Loading capacities for the Pilchuck River are the solar radiation heat 

loads that either allow stream temperatures to stay below the numeric criteria, or else not exceed the 

natural condition by more than 0.3°C. 

 

The calibrated QUAL2Kw model and the Shade model were used to estimate the assimilative 

load capacity for temperature in the Pilchuck River, which is the basis for the load and wasteload 

allocations assigned in this TMDL. 

 

This TMDL uses the modeled system-potential temperature as an approximation of the natural 

temperature during critical high air temperatures and low-flow conditions. TMDL load 

allocations are supposed to be set for the critical condition in order to be protective of the stream 

during the rest of the year. The modeled system-potential condition uses best estimates of 

potential mature riparian vegetation and riparian microclimate. The TMDL design condition is 

the system-potential condition with “minimized human disturbance”. 

 

The calibrated QUAL2Kw model was used to determine the loading capacity in the Pilchuck 

River. Loading capacity was determined based on prediction of water temperatures under low-

WQ Criteria

Adult/Juvenile Salmonids Acute Lethality
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flow (7Q10) and extreme climate (95th
 percentile) conditions combined with a range of effective 

shade conditions. 

 

Ecology evaluated a series of scenarios that are expected to reduce the Pilchuck River water 

temperature including: 

 System potential shade (SPS).  This scenario would be provided by 180-ft wide buffers of 

system-potential mature (100-year) riparian vegetation along the Pilchuck River. 

 Microclimate improvements (MC).  Increases in vegetation height, density, and riparian 

zone width are expected to result in localized decreases in air temperature.  To evaluate the 

effect of this potential change in microclimate on water temperature, all hourly air 

temperatures along the Pilchuck River mainstem were reduced by 2ºC based on the summary 

of literature presented by Bartholow (2000). Because much of the Pilchuck River is wide 

compared to the area of riparian overhang, this may or may not be a valid expected 

improvement. 

 Reduced headwater and tributary temperatures (BC).  A scenario was evaluated with the 

assumption that the inflowing headwaters and tributaries, or boundary conditions (BC), did 

not exceed the water quality numeric criteria of 16°C. 

 Some baseflow restored (WR).  Restored flow based on typical Snohomish water treatment 

plant withdrawal and 100% of surface water withdrawal rights. While 100% of surface water 

rights are likely not being used, this provides some compensation for the fact that 

groundwater withdrawal/impacts were not evaluated.  This scenario was included for 

informative purposes and was not part of the scenario used to develop allocations. 

 

Figure 30 depicts the longitudinal daily maximum temperature results of these modeling 

scenarios for critical June, August, and September conditions.  While daily max values are not 

equal to 7-DADMax values, they are highly correlated.  The results show the river would meet 

the applicable 1-day max thresholds identified in the WQ standards of 23°C (acute adult/juvenile 

lethality) during August critical conditions and 17.5°C (fish embryo lethality) during September 

Chinook spawning. 
 

This TMDL is designed to protect against temperature impairments during the entire critical 

season of June through September. While the most critical conditions occur at lower flows 

during the period of late July to mid-August, temperature WLAs must be designed to be 

protective during other conditions, including summer storms. 

 

The heat loading capacity for this TMDL is dynamic. The daily load capacity is determined by 

the allowable heat load over the water quality criteria using the following equation: 

 

Daily Load Capacity (therms/day) = 0.3°C (allowable ∆) * River Flow * 97.1 
 

Where 97.1 equals a conversion factor to therms/day (therm / (cfs * degC)) 
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Figure 29.  Heat load capacity for the Pilchuck River as a function of river flow. 
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0.85 = Conservative ratio of flow at Granite Falls WWTP outfall compared to flow at 

USGS gage 12155300; Pilchuck River near Snohomish, WA 

 

The maximum allowable effluent temperature (TNPDES) is calculated using the dynamic dilution 

factor and seasonal temperature criteria: 

 

From June 16 to February 14: 

𝑇𝑁𝑃𝐷𝐸𝑆 =  [16°𝐶 –  0.3°𝐶]  +  [𝑑𝑦𝑛𝑎𝑚𝑖𝑐 𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟]  ∗  0.3°𝐶 
 

From February 15 to June 15: 

𝑇𝑁𝑃𝐷𝐸𝑆 =  [13°𝐶 –  0.3°𝐶]  +  [𝑑𝑦𝑛𝑎𝑚𝑖𝑐 𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟]  ∗  0.3°𝐶 

 

The dynamic wasteload allocation (in therms/day) for the Granite Falls WWTP is determined by 

the temperature above the criterion and effluent flow using the following equation: 
 

𝐷𝑎𝑖𝑙𝑦 𝑊𝐿𝐴 =  {𝑇𝑁𝑃𝐷𝐸𝑆 –  𝑇𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛}  ∗  𝑒𝑓𝑓𝑙𝑢𝑒𝑛𝑡 𝑓𝑙𝑜𝑤 ∗  97.1 

Where: 

97.1 equals a conversion factor to therms/day (therm / (cfs * degC)) 

Tcriterion = the applicable water quality criterion in °C 

1 therm = 100,000 BTU = 105,506 kilojoules = 25,200 kilocalories = 29,307 Watt/hr 

 

For example, if TNPDES = 21.5, Tcriterion = 16, and effluent flow = 1.2 cfs, then the: 

Granite Falls WWTP Daily WLA = (21.5 – 16) * 0.8 * 97.1 = 427 therms/day 
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Load allocations 

Load allocations (for nonpoint sources) and wasteload allocations (for point sources) are 

established in this TMDL to meet both the numeric threshold criteria and the allowances for 

human warming under conditions that are naturally warmer than those criteria. 

 

Since it is predicted that system potential temperatures would not meet numeric water quality 

standards during the hottest period of the year throughout the Pilchuck River basin, there is a 

widespread need to achieve maximum protection from direct solar radiation.  While all 

tributaries should also have system potential vegetation to ensure water quality standards are met 

for those streams, the lower two miles of each tributary are particularly important to the Pilchuck 

River achieving water quality standards. 

 

The load allocation for the mainstem Pilchuck River below Menzel Lake Rd, and the two miles 

of each study area tributary nearest its mouth, is the potential shade that would occur from 

system potential mature riparian vegetation.  System-potential mature riparian vegetation is 

defined as that native vegetation which can grow and reproduce on a site, given: climate, 

elevation, soil properties, plant biology, and hydrologic processes. 

 

Because of the inherent uncertainties in estimating system potential shade, the 0.3°C that would 

normally be assigned to human sources is retained as a margin of safety and/or assigned to the 

stormwater and wastewater discharge point sources. 

 

Load allocations for effective shade are quantified in Appendix F for the Pilchuck River and for 

the lower two miles of each tributary in the watershed.  The load allocations are based on the 

estimated relationship between shade, channel width, and stream aspect at the maximum riparian 

vegetation condition (shown in Figure 36).  The importance of shade decreases as the width of 

the channel increases. 

 

Figure 37 presents predicted system potential and current effective shade on the Pilchuck River. 

Figure 38 shows the shade deficit, or difference between system potential and current shade, for 

the Pilchuck River within the study area. 

 

The load allocations are expected to result in water temperatures that are equivalent to the 

temperatures that would occur under natural shade conditions.  Because anthropogenic changes 

to stream temperature can result from causes other than the removal of shade, the 

implementation plan for this TMDL also includes a variety of measures to address channel 

structure, hyporheic flow, and other factors.  Implementation of these measures, as well as 

system potential vegetation, will help ensure that water temperatures will approach natural 

conditions. 

 

  

  





 

Pilchuck R. Temp & DO TMDL  WQIR/IP  

Page 92 - DRAFT 

 

Figure 37.  Shade deficit (system potential shade minus existing shade) for the Pilchuck River. 
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Seasonal variation 

CWA section 303(d)(1) requires that TMDLs “be established at the level necessary to implement 

the applicable water quality standards with seasonal variations.”  The current regulation also 

states that determination of “TMDLs shall take into account critical conditions for streamflow, 

loading, and water quality parameters” [40 CFR 130.7(c)(2)].  Finally, section 303(d)(1)(D) 

suggests consideration of normal conditions, flows, and dissipative capacity. 

 

The Pilchuck River Basin experiences seasonal variation with cooler temperatures occurring in 

the winter and warmer temperatures in the summer.  The highest temperatures typically occur 

from mid-July through late-August. However, a more stringent criteria applies from February 15 

to June 15 (13) and critical chinook spawning typically occurs in the month of September, when 

flows are at their lowest. For this reason, the critical season is defined as June 1 to September 30 

to cover these shoulder season conditions. This time frame is used as the critical period for 

development of the TMDL. 

 

Seasonal estimates for streamflow, solar flux, and climatic variables for the TMDL are taken into 

account to develop critical conditions for the TMDL model.  The model was calibrated to a date 

from a period of June 7 to October 9 2012, which captured the warmest time of year and critical 

periods for both core summer salmonid and supplemental spawning.  The study year (2012) 

ranked in the 95th percentile for air temperatures.  The calibrated model was modified to 

represent critical stream flows (i.e., lowest 7-day average flows with 10-year recurrence interval 

or 7Q10) in order to develop load and wasteload allocations. 

 

Load allocations from the summer model runs resulted in requiring the maximum riparian 

protection to the stream.  The dynamic model confirmed that allocations would be protective 

throughout the summer season and during the hottest part of the supplemental spawning period.  

For point sources seasonal variation is taken into account, as described in the Wasteload 

Allocation section, through the use of dynamic wasteload allocations. 

Reserve capacity for future growth 

Given that temperatures exceed criteria, even under system potential conditions, there is very 

small capacity for future growth.  However, future growth may occur under one of two 

conditions: 

1. The temperature discharge occurs at or below the water quality criteria. None of the 

0.3°C allowance is allocated to future growth, as it is already allocated to existing sources 

and margin of safety. 

a. Daily allocation for future growth in therms/day: 

             𝐴𝑙𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛𝑓𝑢𝑡𝑢𝑟𝑒 𝑔𝑟𝑜𝑤𝑡ℎ  =  𝑇𝑐𝑟𝑖𝑡 × 𝑄 × 97.1 
Where 

  𝑇𝑐𝑟𝑖𝑡 = The applicable temperature criterion 

   Q = future discharge in cubic feet per second 

  97.1 = conversion factor to transform the units to therms/day  

2. By replacing a permitted heat load source that was assigned an allocation in this TMDL. 
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Margin of safety 

The margin of safety accounts for uncertainty about the pollutant loading and water-body 

response and must be included in all TMDLs to ensure water quality standards are met, despite 

these uncertainties.  In this TMDL, the margin of safety is addressed in two ways. 

Implicit 

 The 95th percentile of the highest 7-day averages of daily maximum air temperatures for 

each year of record at the Monroe and NCDC Summary of the Day Station WA457507 was 

combined with the lowest 7-day average flows with recurrence intervals of 10 years (7Q10) 

to represents a reasonable worst-case condition for prediction of water temperatures in the 

Pilchuck River watershed. The combination represents a recurrence interval of > 10 years. 

 The lowest 7-day average annual flows with recurrence intervals of 10 years (7Q10) were 

used to evaluate reasonable worst-case conditions for discharge of point source effluent. 

 The 7Q10 used to calculate temperature wasteload allocations for the Granite Falls WWTP 

was scaled down by a factor of 0.85 from the downstream USGS gage. This factor is 

conservative given that the two low-flow measurements available to compare these locations 

had ratios of 0.86 and 0.95. 

 The daily maximum values are used to set the TNPDES and WLA values for point sources. 

Daily maximum values are biased high compared to the 7-DADmax values set in the water 

quality standards. 

 Model uncertainty assessment for prediction of water temperature in existing conditions 

compared to system potential conditions revealed a variance between scenarios of 0.16°C 

root mean square error (RMSE). This is less than the 0.3°C allowable change from natural 

conditions. 

 Model bias evaluation shows no evidence of systematic over- or under-prediction of 

temperature.  There also is no evidence of a trend in error over the length of the river.   

 Temperature load allocations are set to the effective shade provided by 100-year-old riparian 

vegetation. 

 Implementation will include additional measures beyond riparian shade that should 

contribute to lower stream temperatures, such as instream structures creating pools that 

connect with hyporheic flow, and wetland restoration creating improved groundwater 

connection. 

Explicit 

 10% of the temperature load capacity is set aside as an explicit margin of safety. 
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Conclusions and model findings 

 Under the current riparian status, the Pilchuck River maximum water temperature is expected 

to average 22.1°C and in some locations to exceed the 23°C lethal threshold to salmonids 

during critical low-flow (7Q10) and 90th percentile climate conditions. 

 A buffer of mature riparian vegetation along the banks of the Pilchuck River is expected to 

decrease the average daily maximum temperature. For the critical low-flow scenario, the 

daily maximum temperature across the stream length could be decreased by about 0.9ºC 

(1.6ºF) compared to current conditions. 

 The changes in microclimate associated with mature riparian vegetation could further lower 

the daily average maximum water temperature by about 0.2ºC. 

 If restoration activities in the tributaries and headwater result in waters that meet the numeric 

temperature standards, a further reduction of 0.7ºC is expected. 

 With all management scenarios in place, temperatures are expected to remain significantly 

below the lethal threshold, averaging 20.3°C during critical conditions. These temperatures 

are still above the numeric water quality criteria. 

 With all management scenarios in place, the overall decrease in the average maximum stream 

temperature for the simulated critical condition was 1.8ºC for 8/5/12. While the river would 

still reach temperatures in late July or August above the maximum values established in the 

numeric water quality criteria, the cooling will be significant for the designated beneficial 

uses of these waterbodies. 

 With all management scenarios in place, the overall decrease in the average maximum stream 

temperature for the simulated supplemental spawning was 1.2ºC (6/13/12) and September 

condition was 1.9 ºC (9/1/12). With these reductions the river would remain below the fish 

embryo lethality threshold (17.5 ºC) and meet the respective 7-DADMax criteria (13 and 16 

ºC) in almost all of the river, with the exception of the lowest reaches. 

 Overall, Ecology found the study data to be of acceptable quality and useable based on 

Ecology’s credible data policy and the study objectives. 

 The summer of 2012 exhibited warmer than average air temperatures (95th percentile for 

7 day average max) and relatively average river low-flow levels. 

 The 7-day average daily max temperatures during 2012 did not meet (are above) water 

quality criteria at all sites monitored in the watershed, including the upstream boundary and 

tributaries. The steepest increase in longitudinal temperature on the river occurred at the 

upstream end of the study area between Menzel Lake Rd (~RM 25) and Robe Menzel Rd 

(~RM 21), ~2.7 ºC over ~4 river miles. 

 Significant groundwater discharge to the Pilchuck River was inferred from results of flow 

balance surveys and was observed in the field, primarily as diffuse seepage from banks, 

particularly where the river channel intersected the contact of the glacial till with the 

overlying sediments. 
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 Hyporheic flow of river water through bottom sediments and gravel bars was observed 

throughout the study area. The estimated amount of hyporheic flow in the Pilchuck River is 

predicted to be a significant mitigating factor for temperature. 

 The primary source of heat loading is direct solar shortwave radiation. Shade from riparian 

vegetation is the largest mitigating factor for reducing stream temperatures. 

Recommendations 

 Increasing shading to the lower half of the Pilchuck River (~RM 0 to 12) should be the top 

priority. These improvements are particularly important for avoiding the lethal threshold (23 

ºC) at peak temperatures and the fish embryo lethality threshold (17.5 ºC) during the critical 

Chinook spawning month of September. 

 Increasing riparian shade along the rest of the river is also very important for improving 

thermal habitat and avoiding lethal conditions for fish. 

 Riparian restoration of tributaries that are high value for salmonid use should also be a 

priority.  It is often easier and faster to establish vegetation to shade narrower tributary 

streams. 

 Hyporheic exchange flows and groundwater discharges are important in maintaining the 

current temperature regime and reducing maximum daily instream temperatures.  

o Factors that influence hyporheic exchange flow include the vertical hydraulic gradient 

between surface and subsurface waters as well as the hydraulic conductivity of streambed 

sediments.  

o Activities that reduce the hydraulic conductivity of streambed sediments could increase 

stream temperatures.  

o Management activities should reduce upland and channel erosion and avoid 

sedimentation of fine materials in the stream substrate. 

 Protecting and restoring channel structure and habitat features at or near cold water refuges is 

necessary to provide thermal relief during peak summer temperatures. 

 Load and wasteload allocations are needed for municipal stormwater, WSDOT stormwater, 

general stormwater permit holders, tributaries, and other nonpoint sources.  These load and 

wasteload allocations will prevent temperature impairments throughout the Pilchuck River. 

 Establish/continue long-term temperature monitoring in the Pilchuck River to track trends 

over time. 

 Confirm cooling trend between the Granite Falls WWTP facility and outfall to the Pilchuck 

River with continuous temperature monitoring. 

 Quantify hyporheic flow fraction, depth, and thermal properties to understand impact of 

hyporheic restoration over multiple scales. 

 Preserve/restore groundwater baseflow, off channel wetlands, and areas with hyporheic 

function. These features are important for mitigating high instream temperatures. 
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Dissolved Oxygen TMDL Analysis and 
Allocations 

System potential conditions 

The calibrated QUAL2Kw model was used to estimate the pH that would be expected to occur under 

system potential conditions.  System potential conditions are conditions that do not include human 

modifications to riparian vegetation, or anthropogenic nutrient sources. The system potential 

condition also serves as an estimate of natural conditions. 

 

To estimate system potential DO conditions, the QUAL2Kw model was modified in the following 

ways: 

 Point source effluent discharges were removed from the simulation.   

 Shade inputs were changed to reflect system potential riparian vegetation. 

 The upstream end of the model domain and tributary boundary conditions were modified to 

reflect estimated system potential temperature, DO, pH, and nutrient loads.   

 Groundwater phosphorus concentrations were set at 25th percentile of the study results 

(6.4 ug/L SRP); groundwater ultimate BOD was left at estimated 2012 levels to represent 

wetland/forest carbon loading. 

 

Complete documentation of the model inputs and values used can be found in Appendix E under 

the heading “System Potential Conditions Model Inputs.” 

 

It was not possible to accurately include all human modifications to the river system in the 

model. Some known or suspected human modifications were omitted, including changes to 

groundwater/hyporheic flow and nutrient spiraling/loading from system potential salmon runs. 

Analysis of these factors is outside the scope of this study and represent very complex 

environmental processes that would be difficult to estimate within a reasonable level of certainty.   

 

System potential conditions were simulated continuously for the time period from June 7th to 

October 9th. Figures 32-33 present the simulation results for system potential conditions. This 

period captures the most critical conditions during the year for DO, including low flow, high 

temperatures, and maximum accrued periphyton biomass. 

Compliance with standards 

During the 2012 study year, the model predicted that the entire river would fail to meet the 1-day 

minimum DO criterion for Core Summer Salmonid Habitat (9.5 mg/L) during the month of 

August.  Much of the river is predicted to fail to meet the 9.5 mg/L criterion during the months 

of July and September.  The lower river is predicted to fail to meet the criterion in June, however 

no DO data was collected during June to confirm this, so these predictions carry greater 
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uncertainty. The lower river was also predicted to fall low enough to not meet the lesser 

beneficial use of Spawning, Rearing, and Migration, criterion of 8 mg/L in August (Figure 31). 

 

The system potential model was run with upstream flows from a 7Q10 critical low-flow year 

(2004) to compare minimum DO to TMDL scenarios (Figure 32). The minimum DO was 

increased by 0.6 mg/L for the most critical day (8/5/12). However, much of the river still failed 

to meet the 9.5 mg/L criterion during the months of July and August.   

 

As with temperature, because 2004 flows were closer to average in June and September, an 

additional system potential model run was conducted with flows from 2009 (near 7Q10 flows for 

these specific months). Figure 33 depicts this run and shows that most of the river would likely 

meet the 9.5 mg/L criterion from September to early October.   
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Figure 38. Existing 2012 model predicted daily minimum DO compared to WQ criteria. 

 

Figure 39. System potential model predicted daily minimum DO with 2004 flows. 

 

WQ Criterion

Spawning, Rearing, and Migration

WQ Criterion

Spawning, Rearing, and Migration
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Figure 40. System potential model predicted daily minimum DO with 2009 flows. 

Loading capacity 

The loading capacity of a river system is defined as the amount of a pollutant that can be added to the 

river without causing an exceedance of the water quality standards. Because DO is predicted to 

exceed the numeric criteria during the critical season even under system potential conditions, the 

loading capacity for DO in this TMDL is based on ensuring that the total human impact does not 

exceed 0.2 mg/L change to DO.   

 

The calibrated QUAL2Kw model was used to estimate the assimilative load capacity for 

phosphorus and BOD in the Pilchuck River, which is the basis for the load and wasteload 

allocations assigned in this TMDL. For phosphorus, the allocations are provided in SRP and not 

total phosphorus. The basis for using SRP in this TMDL is: 

 

1. Travel times are relatively fast in the system (<1.5 days) and the calibrated hydrolysis 

rate of organic/particulate phosphorus appears to be relatively slow (10%/day). This 

results in relatively little particulate phosphorus being converted to SRP in the river. 

In the TMDL model the river is at ~2 ug/L of organic phosphorus downstream of the 

treatment plant, which means <0.3 ug/L of SRP are added diffusely over the course of 

~19 river miles.  

2. The WWTP effluent (primary source of P loading) contained almost entirely SRP, 

with very little organic phosphorus in the samples analyzed. 

3. The TMDL model is conservative in that it assumes ~30% particulate P, even though 

sample results have been much less with current treatment 

WQ Criterion

Spawning, Rearing, and Migration
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The Pilchuck River typically has low concentrations of SRP during the critical period. Because DO 

and pH are tied to algal productivity, and because productivity is limited by SRP availability, any 

input of SRP will likely have an impact on DO and pH.   

 

To protect DO, loading capacities have been evaluated for biochemical oxygen demand (BOD) as 

well as for soluble reactive phosphorus (SRP).  The load capacities for both BOD and SRP rely on 

the loading of the other. In the Pilchuck River model, SRP loading has a greater impact on DO 

compared to BOD, so the load capacity for the purposes of the TMDL is set as the existing BOD 

loading and a reduction in SRP loading to meet WQ standards (Figure 34).   

 

Figure 42.  Longitudinal DO profile illustrating loading capacity and maximum allowable loading 
from the Granite Falls WWTP plant. 

 

The loading capacity for this TMDL was evaluated within the critical conditions model based on 

WWTP reductions needed to meet the 0.2 criterion and existing and potential discharges from 

point and nonpoint sources. Two estimates of loading capacity were derived from this analysis: 

1. Daily SRP load capacity at baseflow (<75 cfs) of ~2.6 lbs SRP/day. 

2. Seasonal SRP load capacity from June 1 to September 30 of ~1,811 lbs SRP/season. 

 

The details of how these loading capacities were derived are described in further detail in the 

allocations section of the report. 
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Figure 44.  TMDL allocation segmentation within the Pilchuck River watershed. 
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The Pilchuck River Basin experiences seasonal variation that impacts DO levels. In the winter, 

DO levels are significantly higher as the cooler water can hold more oxygen, more upstream 

flow allows for a greater loading capacity of phosphorus, and deeper water coupled with weaker 

solar radiation leads to very little periphyton growth.  In the summer, warm water holds less 

oxygen, flow is low and loading capacity reduced, and shallow water coupled with peak solar 

radiation can lead to rapid periphyton growth.   

 

The combination of lowest flows and highest temperatures typically occurs in July and August. 

However spawning can occur in the months of June and September and these months can 

sometimes have lower flows and higher temperatures. For this reason, the critical season is 

defined as June 1 to September 30 to cover these shoulder season conditions. This time frame is 

used as the critical period for development of the TMDL. 

  

Seasonal estimates for streamflow, solar flux, and climatic variables for the TMDL are taken into 

account to develop critical conditions for the TMDL model.  The model was calibrated for a 

period of June 7 to October 9 2012, which captured the warmest time of year, lowest flows, and 

lowest DO. The study year (2012) ranked in the 95th percentile for air temperatures. The 

calibrated model was modified to represent critical stream flows (i.e., lowest 7-day average flows 

with 10-year recurrence interval or 7Q10) in order to develop load and wasteload allocations. 

Reserve capacity for future growth 

Given that DO levels are below criteria, even under system potential conditions, there is a very 

small capacity for future growth. However, future growth may occur under one of two 

conditions: 

1. By replacing a phosphorus load source that was assigned an allocation in this TMDL. 

2. The TMDL includes some reserve for individual discharge permits, provided there is no 

discharge of phosphorus to Pilchuck River at baseflow (< 75 cfs) and cumulative phosphorus 

loading from June 1 to September 30 is less than the seasonal wasteload allocation outlined 

in Table 26. 

Margin of safety 

The margin of safety accounts for uncertainty about the pollutant loading and water-body 

response and must be included in all TMDLs to ensure water quality standards are met, despite 

these uncertainties.  In this TMDL, the margin of safety is addressed in two ways. 

Implicit 

 The 95th percentile of the highest 7-day averages of daily maximum air temperatures for 

each year of record at the Monroe and NCDC Summary of the Day Station WA457507 was 

combined with the lowest 7-day average flows with recurrence intervals of 10 years (7Q10) 

to represents a reasonable worst-case condition for prediction of DO in the Pilchuck River 

watershed.  The combination represents a recurrence interval of > 10 years. 
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 The lowest 7-day average annual flows with recurrence intervals of 10 years (7Q10) were 

used to evaluate reasonable worst-case conditions for discharge of point source effluent. 

 The 7Q10 used to calculate DO wasteload allocations for the Granite Falls WWTP was 

scaled down by a factor of 0.85 from the downstream USGS gage. This factor is conservative 

given that the two low-flow measurements available to compare these locations had ratios of 

0.86 and 0.95. 

 Model uncertainty assessment for prediction of DO in existing conditions compared to 

system potential conditions revealed a variance between scenarios of 0.08 mg/L root mean 

square error (RMSE). This is less than the 0.2 mg/L allowable change from natural 

conditions. 

 Model bias evaluation shows no evidence of systematic over- or under-prediction of DO.  

There also is no evidence of a trend in error over the length of the river.   

 The calibrated model slightly over predicts phosphorus uptake downstream of the WWTP 

and thus slightly under predicts phosphorus loading capacity. 

Explicit 

 Currently no explicit MOS, could add one. 

Conclusions and model findings 

 DO in the Pilchuck River is sensitive to soluble reactive phosphorus (SRP). Small inputs of SRP 

can have significant impacts to DO.   

 The SRP discharged by the Granite Falls WWTP has an impact of up to 0.75 mg/L on daily 

minimum DO in the downstream reaches of the river. 

 The shade produced by system-potential mature riparian vegetation is expected to improve daily 

minimum DO values by up to 0.55 mg/L.   

 Background dissolved nutrient concentrations are relatively low in the river (<10 ug/L 

orthophosphate; <100 ug/L dissolved inorganic nitrogen). 

 The analysis of N:P ratios indicate that the limiting nutrient for primary productivity in the 

river is likely inorganic phosphorus in the water. 

 The Granite Falls WWTP was the primary source of phosphorus loading within the study 

area. 

 Results of stream metabolism analysis suggest the river is likely a net heterotrophic system, 

with significant oxygen demand likely coming from organisms that do not obtain food from 

sunlight. 

 Overall, Ecology found the study data to be of acceptable quality and useable based on 

Ecology’s credible data policy and the study objectives 

 DO daily minimums do not meet (are below) the water quality criterion of 9.5 mg/L for all 

sites monitored in the watershed. 

 The results of modeled daily DO levels and changes show: 
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Reasonable Assurance 

{WQP lead writes this section. 

This section is required only if compliance with water quality standards will require pollutant 

reductions by both point and nonpoint sources.  The purpose is to explain why we believe the 

nonpoint reductions will occur so it will not be necessary to place the entire burden on point 

sources.} 

When establishing a TMDL, reductions of a particular pollutant are allocated among the 

pollutant sources (both point and nonpoint sources) in the water body.  For the water-body name 

and pollutant(s) TMDL, both point and nonpoint sources exist.  TMDL projects (and related 

implementation plans) must show “reasonable assurance” that these sources will be reduced to 

their allocated amount.  Education; outreach; technical and financial assistance; permit 

administration; and enforcement will all be used to ensure that the goals of this TMDL project 

are met. 

 

Ecology believes that the following activities already support this TMDL project and add to the 

assurance that pollutant in the water-body name will meet conditions provided by Washington 

State water quality standards.  This assumes that the activities described below are continued and 

maintained. 

 

The goal of the water-body name Water Quality Improvement Report for pollutant is to help the 

waters of the basin meet the state’s water quality standards.  Describe local participation, such 

as:   There is considerable interest and local involvement toward resolving the water quality 

problems in the water-body name.  Numerous organizations and agencies are already engaged in 

stream restoration and source correction actions that will help resolve the parameter(s) problem.  

The following rationale helps provide reasonable assurance that the water-body name nonpoint 

source TMDL goals will be met by target date. 

 

{EPA requires some assurances that TMDL implementation measures will actually occur.  To 

that end, responsible parties, regulatory authorities, detailed implementation measures and 

schedules, and funding mechanisms must be identified.  To provide this assurance, include 

specific details of the people, actions, timelines, and funding to accomplish the stated goals here.  

For each major stakeholder, evaluate and detail the following types of activities underway or 

planned to reduce the contribution of nonpoint pollutants: 

1. Describe ongoing nonpoint source control e.g. riparian restoration projects, nonpoint 

stormwater best management practices (BMPs). 

2. Discuss efforts aimed at increasing awareness through educational efforts, for example, 

conservation district outreach, pamphlets, mailers, and workshops. 

3. Describe technical assistance, available funding, and other voluntary efforts, for example, 

local surface water management programs, grant and loan programs. 

4. Describe water quality monitoring to provide feedback for adaptive management of source 

control activities. 





















 

Pilchuck R. Temp & DO TMDL  WQIR/IP  

Page 123 - DRAFT 

References 

Bailey, K.R., 1998. French Creek Watershed Geologic Report. Prepared for The French Creek 

Watershed Management Committee and Snohomish County Surface Water Management. June 

1998. 

 

Bartholow, J.M.  2000.  Estimating cumulative effects of clearcutting on stream temperatures, 

Rivers, 7(4), 284-297. 

 

Battin, T.J., Kaplan, L.A., Newbold, J.D. and Hendricks, S.P., 2003. A mixing model analysis of 

stream solute dynamics and the contribution of a hyporheic zone to ecosystem function. 

Freshwater Biology, 48(6), pp. 995-1014. 

 

Borchardt, M., 1996. Nutrients. In Stevenson, R., M. Bothwell, and R. Lowe, 1996. Algal 

Ecology: Freshwater Benthic Ecosystems. Academic Press, San Diego, CA. 

 

Brugger, A., Wett, B., Kolar, I., Reitner, B. and Herndl, G.J., 2001. Immobilization and bacterial 

utilization of dissolved organic carbon entering the riparian zone of the alpine Enns River, 

Austria. Aquatic Microbial Ecology, 24(2), pp. 129-142. 

 

Chapra, S.C., 1997. Surface Water-Quality Modeling. McGraw-Hill, New York, N.Y. 

 

Clinton, S.M., Edwards, R.T. and Naiman, R.J., 2002. . Forest‐River Interactions: Influence on 

Hyporheic Dissolved Organic Carbon Concentrations in a Floodplain Terrace. Journal of the 

American Water Resources Association (JAWRA), 38(3), pp. 619-631. 

 

Crenshaw, C.L., Valett, H.M. and Webster, J.R., 2002. Effects of augmentation of coarse 

particulate organic matter on metabolism and nutrient retention in hyporheic sediments. 

Freshwater Biology, 47(10), pp. 1820-1831. 

 

Danielopol, D.L., 1989. Groundwater fauna associated with riverine aquifers. Journal of the 

North American Benthological Society, pp. 18-35. 

 

De Baar, H.J.W., 1994. von Liebig's law of the minimum and plankton ecology (1899–1991). 

Progress in Oceanography, 33(4), pp. 347-386. 

 

Ecology, 1997. Water Quality Assessment of Tributaries to the Snohomish River and Nonpoint 

Source Pollution TMDL Study. Washington State Department of Ecology, Olympia, WA. 

September 1997. Publication No. 97-334. 

https://fortress.wa.gov/ecy/publications/SummaryPages/97334 html 

 

Ecology, 2015a. Fact Sheet for NPDES Permit WA0021130: Granite Falls Wastewater 

Treatment Plant. Washington State Department of Ecology. 4/15/15. 

 



 

Pilchuck R. Temp & DO TMDL  WQIR/IP  

Page 124 - DRAFT 

Ecology, 2015b. Fact Sheet for the Sand and Gravel General Permit. Washington State 

Department of Ecology. Olympia, WA. 

http://www.ecy.wa.gov/programs/wq/sand/documents/2015FactSheet.pdf  

  

Ecology, 2015c. TTools for ArcGIS. Washington State Department of Ecology, Olympia, WA. 

www.ecy.wa.gov/programs/eap/models html 

 

Fellows, C.S., Valett, M.H. and Dahm, C.N., 2001. Wholeߚstream metabolism in two montane 

streams: Contribution of the hyporheic zone. Limnology and Oceanography, 46(3), pp. 523-531. 

 

Franklin, J.R. and C.T. Dryness, 1973. Natural vegetation of Oregon and Washington. Pacific 

Northwest Forest and Range Experimentation, Forest Service, U.S. Department of Agriculture, 

Portland, OR. 

 

Frazer, G.W., Canham, C.D., and Lertzman, K.P., 1999. Gap Light Analyzer (GLA): Imaging 

software to extract canopy structure and gap light transmission indices from true-colour fisheye 

photographs, user’s manual and program documentation. Copyright © 1999: Simon Fraser 

University, Burnaby, British Columbia, and the Institute of Ecosystem Studies, Millbrook, New 

York. 

 

French Creek Watershed Management Committee, 2004. French Creek Watershed Management 

Plan. French Creek Watershed Management Council, Everett, WA. 

 

Grimm, N.B. and Fisher, S.G., 1984. Exchange between interstitial and surface water: 

implications for stream metabolism and nutrient cycling. Hydrobiologia, 111(3), pp. 219-228. 

 

Hannah, D.M., Malcolm, I.A. and Bradley, C., 2009. Seasonal hyporheic temperature dynamics 

over riffle bedforms. Hydrological Processes, 23(15), pp. 2178-2194. 

 

Hobson, A.J., Neilson, B.T., von Stackelberg, N., Shupryt, M., Ostermiller, J., Pelletier, G. and 

Chapra, S.C., 2014. Development of a Minimalistic Data Collection Strategy for QUAL2Kw. 

Journal of Water Resources Planning and Management, 141(8), p. 04014096. 

 

Horner, R.R., Welch, E.B. and Veenstra, R.B., 1983. Development of nuisance periphytic algae 

in laboratory streams in relation to enrichment and velocity. In Periphyton of freshwater 

ecosystems (pp. 121-134). Springer Netherlands. 

 

Jacoby, J., & Welch, E. (2004). Pollutant effects in freshwater: applied limnology. CRC Press. 

 

Larned, S.T., 2010. A prospectus for periphyton: recent and future ecological research. Journal 

of the North American Benthological Society, 29(1), pp. 182-206. 

 

Mathieu, N., 2011. Salmon Creek Watershed Low Dissolved Oxygen and pH Characterization 

Study. Washington State Department of Ecology Water Quality Program, P.O. Box 47600, 

Olympia, WA, 98504-7600  Publication No. 13-03-013. 

https://fortress.wa.gov/ecy/publications/SummaryPages/1303013 html 



 

Pilchuck R. Temp & DO TMDL  WQIR/IP  

Page 125 - DRAFT 

 

Mathieu, N., 2014. Addendum to Quality Assurance Project Plan: French Creek and Pilchuck 

River Temperature, Dissolved Oxygen, and pH Total Maximum Daily Load. Washington State 

Department of Ecology Water Quality Program, P.O. Box 47600, Olympia, WA, 98504-7600  

Publication No. 14-03-112. 

https://fortress.wa.gov/ecy/publications/SummaryPages/1403112 html 

 

Mathieu, N., 2016. Addendum 2 to Quality Assurance Project Plan: French Creek and Pilchuck 

River Temperature, Dissolved Oxygen, and pH Total Maximum Daily Load. Washington State 

Department of Ecology Water Quality Program, P.O. Box 47600, Olympia, WA, 98504-7600  

Publication No. 16-03-115. 

https://fortress.wa.gov/ecy/publications/SummaryPages/1603115 html 

 

Mei, Y., Hornberger, G.M., Kaplan, L.A., Newbold, J.D. and Aufdenkampe, A.K., 2012. 

Estimation of dissolved organic carbon contribution from hillslope soils to a headwater stream. 

Water Resources Research, 48(9). 

 

MEL, 2008. Manchester Environmental Laboratory Lab Users Manual, Ninth Edition. 

Manchester Environmental Laboratory, Washington State Department of Ecology, Manchester, 

WA. 

 

Mulholland, P.J., Marzolf, E.R., Webster, J.R., Hart, D.R. and Hendricks, S.P., 1997. Evidence 

that hyporheic zones increase heterotrophic metabolism and phosphorus uptake in forest streams. 

Limnology and Oceanography, 42(3), pp. 443-451. 

 

Mulholland, P.J., Fellows, C.S., Tank, J.L., Grimm, N.B., Webster, J.R., Hamilton, S.K., Martí, 

E., Ashkenas, L., Bowden, W.B., Dodds, W.K. and McDowell, W.H., 2001. Inter‐biome 

comparison of factors controlling stream metabolism. Freshwater Biology, 46(11), pp. 1503-

1517. 

 

Pelletier, G., 2013. RMA.xls - River metabolism analyzer for continuous monitoring data. 

Washington State Department of Ecology, Olympia, WA. 

www.ecy.wa.gov/programs/eap/models html 

 

Pelletier, G., 2015. Shade xls: a tool for estimating shade from riparian vegetation. Washington 

State Department of Ecology, Olympia, WA. www.ecy.wa.gov/programs/eap/models html 

 

Pelletier, G. and S. Chapra, 2008. QUAL2Kw: a modeling framework for simulating river and 

stream water quality. User’s Manual, Theory and documentation. 

http://www.ecy.wa.gov/programs/eap/models html 

 

Quinn, J. M., 1991. Guidelines for the control of undesirable biological growths in water. 

Consultancy Report No. 6213/2. National Institute of Water and Atmospheric Research, 

Hamilton, New Zealand. 

 



 

Pilchuck R. Temp & DO TMDL  WQIR/IP  

Page 126 - DRAFT 

Redfield, A. C., 1934. On the proportions of organic derivatives in sea water and their relation to 

the composition of plankton (pp. 176-92). Liverpool, UK: University Press of Liverpool. 

 

Redfield, A. C., 1958. The biological control of chemical factors in the environment. American 

scientist, 230A-221. 

 

Sanderson, T.L. and P.J. Pickett, 2014. A Synopsis of Model Quality from the Department of 

Ecology’s Total Maximum Daily Load Technical Studies. Washington State Department of 

Ecology, Olympia, WA. Publication No. 14-03-042. 

 

Savery, A., and A. Hook, 2003. Habitat Conditions and Chinook Use in the Pilchuck River. 

Tulalip Tribes Natural Resources Department, Marysville, Washington, USA. 

 

Schanz, F., and Juon, H., 1983. Two different methods of evaluating nutrient limitations of 

periphyton bioassays, using water from the River Rhine and eight of its tributaries. 

Hydrobiologia, 102(3), 187-195. 

 

Snohomish County Assessor, 2012. https://snohomishcountywa.gov/2934/Assessor.  

 

Snohomish Basin Salmon Recovery Forum (SBSRF), 2005. Snohomish River Basin Salmon 

Conservation Plan. Snohomish County Department of Public Works, Surface Water 

Management Division. Everett, WA. 

https://snohomishcountywa.gov/ArchiveCenter/ViewFile/Item/2153  

 

Snohomish County Surface Water Management (SCSWM), 2012. Middle Pilchuck River 

assessment - habitat report. Prepared by Snohomish County, for the Salmon Recovery Funding 

Board. 61 pp. 

 

Svrjcek, R., 2003. Lower Snohomish River Tributaries Fecal Coliform Total Maximum Daily 

Load Detailed Implementation Plan. Washington State Department of Ecology Water Quality 

Program, P.O. Box 47600, Olympia, WA, 98504-7600. Publication No. 03-10-031. 

https://fortress.wa.gov/ecy/publications/SummaryPages/0310031 html 

 

Swanson, T., A. King, N. Gurdian, and J. Zhen, 2012. French Creek and Pilchuck River 

Temperature, Dissolved Oxygen, and pH Total Maximum Daily Load Water Quality Study 

Design (Quality Assurance Project Plan). Washington State Department of Ecology, Olympia, 

WA. Publication No. 12-03-114. 

https://fortress.wa.gov/ecy/publications/SummaryPages/1203114 html 

 

Thornburgh, K. and G. Williams, 2000. The State of the Waters, Water Quality in Snohomish 

County's Rivers, Stream, and Lakes. Snohomish County Department of Public Works, Surface 

Water Management, Everett, WA. 

 

Thornburgh, K, K., Nelson, K. Rawson, and G. Lucchetti, 1991. Snohomish System Water 

Quality Study 1987-90. Tulalip Fisheries Department Progress Report. Tulalip Fisheries 

Department, Marysville, WA  98270. 



 

Pilchuck R. Temp & DO TMDL  WQIR/IP  

Page 127 - DRAFT 

 

Tooley, et al., 1990. Data Appendix: Timber-Fish-Wildlife - Evaluation of Prediction Models 

and Characterization of Stream Temperature Regimes in Washington. 

www.ecy.wa.gov/biblio/90e75 html 

 

USGS, 2017. USGS Real-Time Water Data for Washington: Streamflow. Snoqualmie/Snohomish 

River Basin station: 12155300. National Water Information System: Web Interface. United States 

Geological Survey. https://waterdata.usgs.gov/WA/nwis/current/?type=flow 

 

WAC 173-201A. Water Quality Standards for Surface Waters in the State of Washington.  

Washington State Department of Ecology, Olympia, WA.  

www.ecy.wa.gov/biblio/wac173201a.html 

 

Welch, E.B., Jacoby, J.M., Horner, R.R. and Seeley, M.R., 1988. Nuisance biomass levels of 

periphytic algae in streams. Hydrobiologia, 157(2), pp. 161-168. 

 

White, D.S., 1993. Perspectives on defining and delineating hyporheic zones. Journal of the 

North American Benthological Society, pp. 61-69. 

 

Wright, Robert, J, Randy Coots, and Robert F. Cusimano, 2001. Lower Snohomish River 

Tributaries Fecal Coliform Total Maximum Daily Submittal Report. Washington State 

Department of Ecology Water Quality Program, P.O. Box 47600, Olympia, WA, 98504-7600  

Publication No. 00-10-087. 

https://fortress.wa.gov/ecy/publications/SummaryPages/0010087 html 

 

 



 

Pilchuck R. Temp & DO TMDL  WQIR/IP  

Page 128 - DRAFT 

Appendices 



 

Pilchuck R. Temp & DO TMDL  WQIR/IP  

Page 129 - DRAFT 

Appendix A.  Glossary, Acronyms, and Abbreviations 

{Author, delete all terms that do not apply to this report.} 

Glossary 

303(d) List:  Section 303(d) of the federal Clean Water Act requires Washington State 

periodically to prepare a list of all surface waters in the state for which beneficial uses of the 

water – such as for drinking, recreation, aquatic habitat, and industrial use – are impaired by 

pollutants.  These are water quality-limited water bodies (ocean waters, estuaries, lakes, and 

streams) that fall short of state surface water quality standards and are not expected to improve 

within the next two years. 

 

Best management practices (BMPs):  Physical, structural, or operational practices that, when 

used singularly or in combination, prevent or reduce pollutant discharges. 

 

Char:  Char (genus Salvelinus) are distinguished from trout and salmon by the absence of teeth 

in the roof of the mouth, presence of light colored spots on a dark background, absence of spots 

on the dorsal fin, small scales, and differences in the structure of their skeleton.  (Trout and 

salmon have dark spots on a lighter background.) 

 

Clean Water Act:  A federal act passed in 1972 that contains provisions to restore and maintain 

the quality of the nation’s waters.  Section 303(d) of the Clean Water Act establishes the TMDL 

program. 

 

Conductivity:  A measure of water’s ability to conduct an electrical current.  Conductivity is 

related to the concentration and charge of dissolved ions in water. 

 

Designated uses:  Those uses specified in Chapter 173-201A WAC (Water Quality Standards 

for Surface Waters of the State of Washington) for each water body or segment, regardless of 

whether or not the uses are currently attained. 

 

Extraordinary primary contact:  Waters providing extraordinary protection against waterborne 

disease or that serve as tributaries to extraordinary quality shellfish harvesting areas. 

 

Fecal coliform (FC):  That portion of the coliform group of bacteria which is present in 

intestinal tracts and feces of warm-blooded animals as detected by the product of acid or gas 

from lactose in a suitable culture medium within 24 hours at 44.5 plus or minus 0.2 degrees 

Celsius.  Fecal coliform bacteria are “indicator” organisms that suggest the possible presence of 

disease-causing organisms.  Concentrations are measured in colony forming units per 100 

milliliters of water (cfu/100mL). 

 

Load allocation:  The portion of a receiving water’s loading capacity attributed to one or more 

of its existing or future sources of nonpoint pollution or to natural background sources. 
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Loading capacity:  The greatest amount of a substance that a water body can receive and still 

meet water quality standards. 

 

Margin of safety:  Required component of TMDLs that accounts for uncertainty about the 

relationship between pollutant loads and quality of the receiving water body. 

 

Municipal separate storm sewer systems (MS4):  A conveyance or system of conveyances 

(including roads with drainage systems, municipal streets, catch basins, curbs, gutters, ditches, 

manmade channels, or storm drains): (1) owned or operated by a state, city, town, borough, 

county, parish, district, association, or other public body having jurisdiction over disposal of 

wastes, stormwater, or other wastes and (2) designed or used for collecting or conveying 

stormwater; (3) which is not a combined sewer; and (4) which is not part of a Publicly Owned 

Treatment Works (POTW) as defined in the Code of Federal Regulations at 40 CFR 122.2. 

 

National Pollutant Discharge Elimination System (NPDES):  National program for issuing 

and revising permits, as well as imposing and enforcing pretreatment requirements, under the 

Clean Water Act.  The NPDES permit program regulates discharges from wastewater treatment 

plants, large factories, and other facilities that use, process, and discharge water back into lakes, 

streams, rivers, bays, and oceans. 

 

Nonpoint source:  Pollution that enters any waters of the state from any dispersed land-based or 

water-based activities, including but not limited to, atmospheric deposition; surface water runoff 

from agricultural lands; urban areas; or forest lands; subsurface or underground sources; or 

discharges from boats or marine vessels not otherwise regulated under the National Pollutant 

Discharge Elimination System Program.  Generally, any unconfined and diffuse source of 

contamination.  Legally, any source of water pollution that does not meet the legal definition of 

“point source” in section 502(14) of the Clean Water Act. 

 

Parameter:  Water quality constituent being measured (analyte).  A physical, chemical, or 

biological property whose values determine environmental characteristics or behavior. 

 

pH:  A measure of the acidity or alkalinity of water.  A low pH value (0 to 7) indicates that an 

acidic condition is present, while a high pH (7 to 14) indicates a basic or alkaline condition.  A 

pH of 7 is considered to be neutral.  Since the pH scale is logarithmic, a water sample with a pH 

of 8 is ten times more basic than one with a pH of 7. 

 

Phase I stormwater permit:  The first phase of stormwater regulation required under the federal 

Clean Water Act.  The permit is issued to medium and large municipal separate storm sewer 

systems (MS4s) and construction sites of five or more acres. 

 

Phase II stormwater permit:  The second phase of stormwater regulation required under the 

federal Clean Water Act.  The permit is issued to smaller municipal separate storm sewer 

systems (MS4s) and construction sites over one acre. 

 

Point source:  Sources of pollution that discharge at a specific location from pipes, outfalls, and 

conveyance channels to a surface water.  Examples of point source discharges include municipal 
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wastewater treatment plants, municipal stormwater systems, industrial waste treatment facilities, 

and construction sites that clear more than five acres of land. 

 

Pollution:  Such contamination, or other alteration of the physical, chemical, or biological 

properties, of any waters of the state.  This includes change in temperature, taste, color, turbidity, 

or odor of the waters.  It also includes discharge of any liquid, gaseous, solid, radioactive, or 

other substance into any waters of the state.  This definition assumes that these changes will, or 

are likely to, create a nuisance or render such waters harmful, detrimental, or injurious to (1) 

public health, safety, or welfare, or (2) domestic, commercial, industrial, agricultural, 

recreational, or other legitimate beneficial uses, or (3) livestock, wild animals, birds, fish, or 

other aquatic life. 

 

Reach:  A specific portion or segment of a stream. 

 

Salmonid:  Any fish that belong to the family Salmonidae.  Basically, any species of salmon, 

trout, or char.  www.fws.gov/le/ImpExp/FactSheetSalmonids htm 

 

Stormwater:  The portion of precipitation that does not naturally percolate into the ground or 

evaporate but instead runs off roads, pavement, and roofs during rainfall or snow melt.  

Stormwater can also come from hard or saturated grass surfaces such as lawns, pastures, 

playfields, and from gravel roads and parking lots. 

 

Surface waters of the state:  Lakes, rivers, ponds, streams, inland waters, salt waters, wetlands 

and all other surface waters and water courses within the jurisdiction of Washington State. 

 

Total maximum daily load (TMDL):  A distribution of a substance in a water body designed to 

protect it from exceeding water quality standards.  A TMDL is equal to the sum of all of the 

following: (1) individual wasteload allocations for point sources, (2) the load allocations for 

nonpoint sources, (3) the contribution of natural sources, and (4) a Margin of Safety to allow for 

uncertainty in the wasteload determination.  A reserve for future growth is also generally 

provided. 

 

Total suspended solids (TSS):  The suspended particulate matter in a water sample as retained 

by a filter. 

 

Turbidity:  A measure of water clarity.  High levels of turbidity can have a negative impact on 

aquatic life. 

 

Wasteload allocation:  The portion of a receiving water’s loading capacity allocated to existing 

or future point sources of pollution.  Wasteload allocations constitute one type of water quality-

based effluent limitation. 

 

Watershed:  A drainage area or basin in which all land and water areas drain or flow toward a 

central collector such as a stream, river, or lake at a lower elevation. 
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Bankfull stage:  Formally defined as the stream level that “corresponds to the discharge at 

which channel maintenance is most effective, that is, the discharge at which moving sediment, 

forming or removing bars, forming or changing bends and meanders, and generally doing work 

that results in the average morphologic characteristics of channels” (Dunne and Leopold, 1978). 

 

Chronic critical effluent concentration:  The maximum concentration of effluent during 

critical conditions at the boundary of the mixing zone assigned in accordance with WAC  

173-201A-100.  The boundary may be based on distance or a percentage of flow.  Where no 

mixing zone is allowed, the chronic critical effluent concentration shall be 100 percent effluent. 

 

Critical condition:  When the physical, chemical, and biological characteristics of the receiving 

water environment interact with the effluent to produce the greatest potential adverse impact on 

aquatic biota and existing or designated water uses.  For steady-state discharges to riverine 

systems, the critical condition may be assumed to be equal to the 7Q10 (see definition) flow 

event unless determined otherwise by the department. 

 

Diel:  Of, or pertaining to, a 24-hour period. 

 

Dilution factor:  The relative proportion of effluent to stream (receiving water) flows occurring 

at the edge of a mixing zone during critical discharge conditions as authorized in accordance 

with the state’s mixing zone regulations at WAC 173-201A-100. 

 

http://apps.leg.wa.gov/WAC/default.aspx?cite=173-201A-020 

 

Diurnal:  Of, or pertaining to, a day or each day; daily.  (1) Occurring during the daytime only, 

as different from nocturnal or crepuscular, or (2) Daily; related to actions which are completed in 

the course of a calendar day, and which typically recur every calendar day (for example, diurnal 

temperature rises during the day and falls during the night.) 

 

Effective shade:  The fraction of incoming solar shortwave radiation that is blocked from 

reaching the surface of a stream or other defined area. 

 

Hyporheic:  The area beneath and adjacent to a stream where surface water and groundwater 

intermix. 

 

Near-stream disturbance zone (NSDZ):  The active channel area without riparian vegetation 

that includes features such as gravel bars. 

 

Riparian:  Relating to the banks along a natural course of water. 

 

System potential:  The design condition used for TMDL analysis. 

 

System-potential mature riparian vegetation:  Vegetation which can grow and reproduce on a 

site, given climate, elevation, soil properties, plant biology, and hydrologic processes. 
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System-potential riparian microclimate:  The best estimate of air temperature reductions that 

are expected under mature riparian vegetation.  System potential riparian microclimate can also 

include expected changes to wind speed and relative humidity. 

 

System-potential temperature:  An approximation of the temperatures that would occur under 

natural conditions.  System potential is our best understanding of natural conditions that can be 

supported by available analytical methods.  The simulation of the system-potential condition 

uses best estimates of mature riparian vegetation, system potential channel morphology, and 

system-potential riparian microclimate that would occur absent any human alteration. 

 

1-DMax or 1-day maximum temperature:  The highest water temperature reached on any 

given day.  This measure can be obtained using calibrated maximum and minimum 

thermometers or continuous monitoring probes having sampling intervals of 30 minutes or less. 

 

7-DADMax or 7-day average of the daily maximum temperatures:  The arithmetic average 

of seven consecutive measures of daily maximum temperatures.  The 7-DADMax for any 

individual day is calculated by averaging that day's daily maximum temperature with the daily 

maximum temperatures of the three days prior and the three days after that date. 

 

7Q2 flow:  A typical low-flow condition.  The 7Q2 is a statistical estimate of the lowest 7-day 

average flow that can be expected to occur once every other year on average.  The 7Q2 flow is 

commonly used to represent the average low-flow condition in a water body and is typically 

calculated from long-term flow data collected in each basin.  For temperature TMDL work, the 

7Q2 is usually calculated for the months of July and August as these typically represent the 

critical months for temperature in our state. 

 

7Q10 flow:  A critical low-flow condition.  The 7Q10 is a statistical estimate of the lowest 7-day 

average flow that can be expected to occur once every 10 years on average.  The 7Q10 flow is 

commonly used to represent the critical flow condition in a water body and is typically 

calculated from long-term flow data collected in each basin.  For temperature TMDL work, the 

7Q10 is usually calculated for the months of July and August as these typically represent the 

critical months for temperature in our state. 

 

90th percentile:  A statistical number obtained from a distribution of a data set, above which 10 

percent of the data exists and below which 90 percent of the data exists. 
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Appendix B.  Record of Public Participation 

{This is required by EPA.  WQP staff writes this section.} 

Introduction 

xx 

Summary of comments and responses 

xx 

List of public meetings 

xx 

Outreach and announcements 

{Include the following, if applicable:} 

 

A 30-day public comment period for this report will be held from xx through xx, (year). 

 

A news release was sent to all local media in the xx watershed area. 

 

Advertisements were placed in the following publications: 

 xx 

 xx 

 xx 
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Appendix C. Data Summary 

xx 

Appendix D. Data Quality Results 

xx 

Appendix E. Model Documentation 

xx 

Appendix F. Wasteload Allocation Details 

xx 

Appendix G. Detailed Water Quality Standards 
Information 

xx 

Appendix H. Detailed NPDES Facility Analysis 

xx 
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Appendix I.  Response to Public Comments 

{Keep this appendix as the last appendix.  Replace the “X” in the title with the appropriate letter. 

 

Keep the following sentence in the draft report on the web site:} 

 

This appendix will be completed after the Public Comment period. 

 

 

 

 


